Introduction
Within the past decade, it has been demonstrated that the carbohydrate chains of glycoproteins can exert a large variety of functions in vivo. Most fascinating is the involvement of these chains in molecular recognition processes [ 1-41, Considering that the glycans are located at the outer-surface of the glycoprotein and that they can exhibit a huge variety in structure, it has often been stated that carbohydrate chains are very well suited for such biological roles. Rut it is rarely possible to identify one particular carbohydrate chain of a glycoprotein that can be held responsible for a specific function. The heterogeneity of the carbohydrate chains in combination with the difficulty to set up bio-assays that allow the unambiguous characterization of effects in terms of specific carbohydrate chains are the main reasons for the complexity of the problem.
In the analytical sense, enormous progress has been made in the study of glycoproteins. Adequate methods are available to isolate the glycoproteins free from contaminants, to degrade glycoproteins to partial structures chemically and/or enzymically, as well as to fractionate the partial structures. The improvements in fractionation techniques such as high-pH anion-exchange chromatography with pulsed amperometric detection [ 5, 6] and capillary electrophoresis have revealed that the heterogeneity of the glycans of a defined glycoprotein can be Abbreviations used: CHO, Chinese hamster ovary; eCG, equine chorionic gonadotropin; rEPO, recombinant erythropoietin; ZP, zona pellucida. much larger than anticipated so far. The number of compounds that can be traced now has grown enormously even though some occur only at low concentrations. This gives rise to important questions regarding the origin and the relevance of these minor constituents. On the one hand, a tendency can be recognized to conceive part of the collection of glycans as artifactual because they are formed along catabolic routes, or arise from different cell types, or more trivially, arise from the pooling of material, thereby reflecting natural variability. On the other hand, there is the doubt that not all glycans of a glycoprotein have been isolated and identified. This last aspect invariably plays a role in cases wherein a particular biofunction is ascribed to a glycan. Synthesis of the compounds is almost indispensable in verifying the correctness of the proposed action.
In Recently, we developed a database of 'H-n.m.r. data that makes it possible to connect observed n.m.r. parameters with structures [9] . In this way, parts of structures can also be retrieved, demonstrating the suitability of this method in analysing unknown compounds. Below, we give an overview of some of the glycoproteins that we have investigated recently.
Human Tamm-Horsfall glycoprotein
This glycoprotein has been purified from the urine of one male. This PtdIns-anchored membrane protein [lo] is localized in the thick ascending limb of the loop of Henle and the early convoluted tubule segments of the nephron. After cleavage from the membrane, this protein appears in the urine. Its physiological function is still unclear. The glycans of this protein have been proposed to be involved in the prevention of urinary tract and urinary bladder infections. Furthermore, they could possibly play a role in immunosuppressive features [ l 11. From this N-glycoprotein, we could obtain more than 150 carbohydrate-containing fractions, some which still contain more than one oligosaccharide. The structure of 30 glycans could be elucidated; these varied from nonfucosylated monosialylated diantennary to fucosylated tetrasialylated tetra-antennary compounds. Interestingly, the antennae can be terminated with (SO;)-3Gal/31-4GlcNAc/31-, (SO;)-4GalNAc/31-4GlcNAc/?l-and NeuAc a2-3[ Gal NAc/31-4)Gal/31-4GlcNAc/31-. The last terminus represents the Sd' determinant, which has now been localized precisely. In contrast to previous studies [12] [13] [14] , we did not observe significant amounts of oligomannose-type carbohydrates. This result might indicate that the collection of glycans occurring in Tamm-Horsfall glycoprotein shows a considerable individual variation. The issue of the immunosuppressive activity of glycans of this protein is still not answered. It is not even clear whether glycans that would exhibit such an effect are derived from it. In cases when the immunosuppressive activity of glycan chains would really exist, it is an interesting point to establish its (patho)physiological function.
Upon the discovery of novel glycan structures, it has often been assumed that these structures are unique and specific for the glycoprotein involved. 
Recombinant human erythropoietin
This N, 0-glycoprotein is synthesized by the kidney and stimulates the proliferation and differentiation of erythroid progenitor cells. In view of its application as a drug for the treatment of anemia associated with renal failure [ 171, there is great interest in the recombinant human glycoprotein, expressed in heterologous cell systems. In addition to the studies carried out on recombinant erythropoietin (rEPO) expressed in Chinese hamster ovary (CHO) or baby hamster kidney cells [18-231, we carried out a detailed structure analysis of the glycans of EPO expressed in CHO cells, in order to unravel the native sialylation pattern and to locate the extra N-acetyllactosamine units [24, 25] . The isolated and purified glycans turned out to be of the di-, tri-, tri'-and tetra-antennary N-acetyllactosamine type. The majority of these chains is completely sialylated and a minority partially. The sialic acids are invariably a2-3 linked and occur as N-acetylneuraminic acid (95%), N-glycolylneuraminic acid (2%) or as Nacetyl-9-O-acetylneuraminic acid. The pattern of sialylation in only partially sialylated antennae is in agreement with the known antenna-specificity of the sialyl transferase. One or two extra N-acetyllactosamine units may occur in each of the antennae attached to the a l -6 linked Man residue. Such repeats of N-acetyllactosamine units are observed in completely or partially sialylated di-, tri'-and tetra-antennary compounds. Two 0-linked chains have been identified, namely NeuSAc a2-3Galpl-3GalNAc-ol and Neu5Aca2-3Gal/31-3[Neu5Ac a2-61GalNAc-01. Without claiming that all constituting glycans of the N-type have been isolated and identified, it can be said that for 36 of them the structures have been elucidated in this study. This result illustrates nicely the formidable heterogeneity that can occur. We consider this to be an authentic feature for recombinant glycoproteins from CHO cells because the overall degree of sialylation is high and for several types of structures complete. Furthermore, in case of partial sialylation, the distribution of sialic acids over the antennae is not random. As a consequence, the sialylation pattern results from biosynthesis rather than from catabolism or from isolation artefacts. It should be noted that there are no indications that sulphate residues occur in rEPO from CHO cells.
Equine chorionic gonadotropin
In the framework of our studies on gonadotropins, the structures of the glycans of equine chorionic gonadotropin (eCG) have been investigated. Previously, we identified for this heterodimeric glycoprotein (a and P subunits) the major N-and 0-linked glycans of the P subunit [26] . The Nglycosidic chains consist of mono-, tri-and tri'-antennary N-acetyllactosamine type of chains, partly fucosylated at the Asn-bound GlcNAc. The the N,O-glycoproteins, play a role in the sperm recognition event [ 3 ] . For the porcine system, however, there is still ambiguity as to whether the N-or the 0-chains are involved in that process [28, 29] . Structural studies on the N-glycans [28, 30] as well as on the neutral 0-glycans [31] have been reported.
To gain insight into the structures of the acidic 0-glycans, these chains were released from the porcine ZP glycoproteins by alkaline borohydride treatment, after removal of the N-glycans by PNGase F. An extremely heterogeneous mixture of 0-linked oligosaccharide alditols was obtained. After several chromatographic steps, the primary structures of 32 0-glycans were determined by one-and two-dimensional 'H-n.m.r. spectroscopy. The major part of the analysed oligosaccharide alditols [25, 32] belongs to a collection of compounds with the structure: The presence of an acetyl group at position 4 of sialic acid increases the heterogeneity of the glycan population. Upon administration of eCG to animals that normally do not possess sialic acids with a 4-0-acetyl substituent, it can be expected that the hormone has a prolonged lifetime when compared to the compounds without the 0-acetyl substituent. It remains to be established how this would affect the bioactivity. The 0-glycosidic chains would conwhere n = 0-6.
It is interesting to notice that in 0-linked glycans with core type 1, long poly(N-acetyllactosamine) chains can be formed. It is now important to investigate whether one or more of the characterized carbohydrate chains have indeed the presumed role in the sperm-oocyte interaction.
Hecause the N-and 0-linked chains have so much in common at the non-reducing termini, it is tempting to propose that the core regions are perhaps involved in the epitope.
-.
sist mainly of tri-, penta-and hexasaccharides. Further investigations [27] proved that the proposal [26] , that polylactosamine units would also occur in this class of glycans, is correct. The newly identified oligosaccharide alditols have the structure:
Concluding remarks
The study of various glycoproteins has shown that the heterogeneity of the glycans of the N-as well as \ /C;alNAc-ol NeuSAa2-3GalB1-3
The finding that the repeating N-acetyllactosamine units are exclusively located in the branch linked to C-h of GalNAc is in keeping with the data showing that, in core type 2, this branch is preferentially elongated with N-acetyllactosamine units.
Porcine zona pellucida glycoproteins
The zona pellucida (ZP) comprises the glycoprotein matrix surrounding the mammalian oocyte, and is involved in some critical steps in the fertilization process. There are strong indications that the glycans of the ZP glycoproteins, which belong to of the 0-type can be very large. To describe the heterogeneity in detail, it is essential that the working-up procedures give as good as possible a quantitative insight into all structures present. This is the more important in cases wherein a bioactivity is presumed to be associated with one or more specific carbohydrate chain(s). N.m.r. spectroscopy is a suitable method with which to identify oligosaccharide structures. It is, however, essential that the amount of starting glycoprotein is sufficient also
